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T h e stru c tu re o f N o rth Sea b enthic in v erteb rate and fish com m unities is an im p o rta n t in d ic a to r o f anthropogenic a n d en v iro n m en ta l im pacts. A lth o u g h N o rth Sea fish sto c k s are m onitored regularly, b enthic fa u n a are not. H ere, w e re p o rt th e results o f a survey carried o u t in 2000, in w hich five n a tio n s sam pled th e epibenthic a n d fish fauna a t 270 statio n s th ro u g h o u t th e N o rth Sea. T h e aim o f th e survey w as to investigate the div ersity a n d com m unity stru c tu re o f epib en th ic and fish com m unities a n d to identify relatio n sh ip s with environm ental factors, including th e frequency o f com m ercial o tte r a n d beam traw ling disturbance. E pibenthic species diversity w as low er in th e so u th ern N o rth Sea th a n in central a n d n o rth e rn areas. F ish, conversely, were m o re diverse in th e so u th . T he 50 m , 100 m a n d 200 m d e p th c o n to u rs b ro a d ly defined the b o u n d aries o f b e n th ic a n d fish com m unities. T h e a b u n d an c e o f e p ib e n th o s o f th e so u th e rn N o rth S ea w as dom inated by free-living species, w hilst n o rth o f th e 50 m c o n to u r sessile species prevailed. A hybrid a rea , w ith sessile species typical o f th e n o rth a n d free-living species characteristic o f th e so u th , w as fo u n d off th e N o rfo lk and F lam b o ro u g h coast stre tc h in g tow ards the D ogger Bank.
L arge-scale hydrodynam ic p h e n o m e n a w ere m ost likely to be responsible fo r the m ain divisions betw een com m unities, especially the b o u n d a ry betw een m ixed a n d stratified w ater m asses. H ow ever, b o tto m tem p e ra tu re, sedim ent p a ram ete rs a n d beam traw lin g were closely co rrelated w ith species richness a n d diversity, as well as co m m u n ity pattern s, and m ay m odify reg io n al species com position. O u r study show s th a t effective large-scale sam pling o f b e n th ic com m unities can be c o n d u cted du rin g existing fisheries surveys. Since an n u al fisheries surveys a re c o n d u c te d th ro u g h o u t the n o rth e a st A tlan tic sh e lf seas, co n cu rre n t benthic surveys w ould allow benthic sam pling on u n p recedented sp atial and tem p o ral scales. T he sam ples w o u ld help to m o n ito r the en v iro n m en tal im pacts o f traw lin g d isturbance, clim ate ch an g e, pollu tio n and o th er n a tu ra l a n d a n th ro p o g e n ic factors.
Introduction
Several studies have described th e diversity and co m m u n ity stru ctu re o f epibenthic invertebrates an d dem ersal fish in the N o rth Sea (Petersen, 1914; D y er et al., 1983; B asford et a i , 1989; F rauenheim et al., 1989; K röncke, 1990; D uineveld et al, 1991; R o g ers et al., 1998; Rees et al., 1999) . H ow ever, all the studies o f epibenthos used 1998 a E u ropean project sta n d ard ized th e sam pling design fo r epibenthic surveys a n d im plem ented inverte b rate biodiversity m on ito rin g on n a tio n a l groundfish surveys (G F S ), w hich m o n ito r fish stocks fo r scientific an d m anagem ent purposes (Jennings et al., 1999; A non., 2001; C allaw ay et al., 2002) . T his greatly extended the geographical coverage w ith lim ited financial resources. T he first intern atio n al survey w as ca rrie d o u t in 1999 (Z iihlke e t al., 2001) . H ere we re p o rt th e results o f the 2000 survey. A 2 m steel beam traw l (Jennings et a l, 1999) w as deployed d uring five E u ro p e an 3rd q u arter groundfish surveys to sam ple epibenthos. D iversity of dem ersal fish com m unities w as assessed from th e catches o f the 2-m beam traw l as w ell as th e m ain survey traw la G ra n d e O uverture V erticale (G O V ) o tte r traw l (A non., 1996) . T he aim s o f th e p rese n t study are to provide a large scale description o f epibenth o s an d fish diversity th ro u g h o u t the N o rth Sea, to identify spatial p attern s in fish an d benthic co m m unity stru ctu re an d to relate environm ental factors, including the frequency o f traw ling disturbance, to diversity an d com m unity structure.
M ethods E p ibenthic invertebrates and dem ersal fish were sam pled a t 270 statio n s in the N o rth Sea, covering 139 ICES rectangles (F igure 1). Sam ples were tak en during n atio n al 3rd q u a rte r 2000 groundfish surveys (G F S ) of five E u ro p ean countries: G erm any, T h e N etherlands, E n g lan d , N o rw ay an d D enm ark.
S a m p lin g g e a r a n d p ro c ed u re S am p le tr e a tm e n t
Sam ples w ere w ashed through a 5 m m sieve (internal m esh size) an d epibenthic fauna and fish w ere sep arated from other m aterial. Species th a t could n o t be identified a t sea w ere preserved in 4% form alin solu tio n buffered w ith 3 g I -1 so d iu m acetate trihydrate for later identifi c atio n in th e la b o ra to ry . All anim als were identified to th e low est possible taxonom ic level. Species nam es w ere sta n d ard ized to th e nom enclature o f P icto n a n d H ow son (1999). F ree-living fauna and fish were co u n ted an d w eighed w ith a seagoing m arine scale (Pols) w ith an accuracy o f 1 g. Sessile anim als were recorded as p resen t o r absent.
IC E S fish d a ta
In ad d itio n to th e d a ta collected from th e 2-m b eam traw l sam ples, species-abundance d ata fo r fish cau g h t w ith the G O V survey o tte r traw l on the n a tio n a l G F S s (K nijn e t al., 1993) were analysed. T he d a ta w ere extracted fro m th e IC E S (International C ouncil fo r th e E x p lo ratio n o f th e Sea) International B ottom T raw l Survey D a ta b a se (C openhagen, D K ).
E n v iro n m e n ta l d a ta
Sedim ent sam ples w ere taken a t 60 statio n s d urin g the English survey. T he dried sedim ent sam ples were sieved th ro u g h a series o f sta n d ard sieves from 2000 p m to 63 p m m esh to determ ine the grain size d istrib u tio n . B ottom and surface tem perature and salinity d a ta were recorded on th e survey vessel an d p rovided fro m a d atab a se m a in ta in e d by C E FA S (Low estoft, U K ).
T h e latest a n d m o st com plete in tern atio n al co m m er cial traw ling effort d a ta were available for 1998. Six countries c o n trib u te d to a com pilation: T h e N etherlands, G erm an y , E ngland, S cotland, N o rw ay an d D enm ark. B eam traw lin g an d o tte r traw ling effort w ere separated. All d a ta were recorded as hours fishing by ICES statistical rectangle (boxes 0.5° la titu d e x I o lo n g i tude), since we did n o t have sufficiently disaggregated d ata to a c co u n t fo r differences in vessel type, pow er, tow ing speed, fishing gear design a n d o th er factors th a t w ould influence th e are a im pacted by traw ls per u n it time.
D a ta analysis M ean diversity indices an d biom ass were calculated fo r each ICES rectangle. H ill's diversity indices N 0 a n d N , were calculated, w here N 0 is the total n um ber o f species (species richness) an d N-, is an index o f the n u m b e r o f a b u n d a n t species [exp (H ), w here H is S h an n o n -W ien er diversity] (H ill, 1973) .
A b u n d an ce a n d b io m ass were standardized to a tow length o f 200m (a re a = 4 0 0 m 2). N um bers o f species were analysed as n um bers o f species per haul. M u ltiv ariate co m m u n ity analysis was carried o u t w ith the statistical package P R IM E R 5 (C larke an d W arw ick 1994). H ierarchical clu ste r analysis w as used to separate g roups o f statio n s w ith sim ilar species assem blages. The d a ta m atrix fo r all ep ib en th ic species w as presence/ absence tran sfo rm ed , b ecause sessile species were recorded as present o r a b sen t only. A b u n d an ce o f fish w as d o u b le sq u are ro o t transform ed. T he B ray -C u rtis index w as calculated betw een each possible p a ir o f sam ples. Species w hich w ere predom inantly responsible fo r th e sim ilarity w ithin clusters and for th e sep aratio n betw een clusters, were determ ined w ith the P R IM E R p ro g ram S IM P E R . T his exam ines the percentage co n tri b u tio n th a t each species m akes to the sim ilarity w ithin th e cluster a n d to the difference between tw o clusters.
T h e term " co m m u n ity " is used for groups o f stations w ith sim ilar epibenthic o r fish species derived from cluster analysis. E cological interactions are n o t implied.
T h e relationships betw een environm ental facto rs and u n iv ariate diversity indices w ere analysed by calculating p ro d u c t m o m e n t co rrelatio n coefficients. M ultivariate statistical to o ls w ere then u sed to analyse the epibenthic co m m unity stru ctu re in rela tio n to environm ental fac tors. T h e P R IM E R p ro g ra m BIO -EN V (C lark e and W arw ick, 1994) calculated w hich set o f environm ental factors an d fishing effort w as best correlated w ith the epibenthic com m unity stru ctu re. F o r each possible com b in atio n o f enviro n m en tal factors a dissim ilarity m atrix based on n o rm alized E uclidean distances w as calculated. T he agreem ent betw een th e biotic m atrix an d m atrices o f en v iro n m en tal facto rs w as expressed as the S pearm an ra n k co rrelatio n coefficient.
T o visualize th e relatio n sh ip between environm ental factors a n d th e epibenthic com m unity stru ctu re, values o f abiotic facto rs w ere superim posed onto M D S plots (m ulti dim ensional scaling). M D S plots were based on B ray -C u rtis indices o f presence/absence transform ed epibenthic d ata.
Results
A to tal o f 456 epibenthic a n d 64 fish species was recorded a t th e 270 stations sam pled during the surveys.
D iv e r s ity p a t t e r n o f e p ib e n th ic species N u m b ers o f invertebrate species were low er in the so u th ern th a n in the n o rth e rn N o rth Sea (F ig u re 2a). T he division between areas o f low a n d high num bers o f species roughly corresponded w ith th e 50 m contour. In the southern N o rth Sea th e m ean n u m b e r o f species was 14 ± 6 haul -\ while in th e n o rth e rn N o rth Sea it was 30 ± 10 hau l -'. A n a re a off th e H u m b e r E stuary and N orfolk coast did n o t fit th e general pattern. Here, num bers o f species were com p arab le to stations in the n o rth ern N o rth Sea, alth o u g h th e a re a w as less than 50 m deep. Biomass was high along th e co n tin en tal coast, in central p arts o f the N o rth Sea an d a t several stations in th e n o rth ern N o rth Sea (F igure 2b). A lim ited num ber o f free-living species w as responsible for th is pattern . In shallow p a rts o f the N o rth Sea a lo n g the continental coast, th e starfish A sterias rubens an d the brittle stars Ophiura albida an d Ophiura ophiura were ab u n d ant. T he herm it crab Pagurus bernhardus and the starfish A stropecten irregularis w ere responsible for high biom ass a t stations in th e central N o rth Sea, while in the n o rth ern N o rth Sea Echinus spp. a n d herm it crabs con trib u ted to the high biom ass recorded. This is p artly reflected in the distribution p a tte rn s o f the m ore a b u n d a n t species (F igure 3). irregularis w ere less ab u n d a n t. A lth o u g h sessile species played a m in o r role in th e so u th ern N o rth Sea, one region shallow er th a n 50 m d ep th , stretching from N o rfo lk u p to the D ogger B ank, w as an exception (F ig u re 4, ♦ ) . T his cluster w as sep arated from the o th ers by th e reg u lar presence o f bryozoans such as A lcyonidium diaphanum (F ig u re 3j), A lcyonidium para siticum , E ucratea loricata a n d Flustra foliacea as well as h y d ro zo an s such as H. fa lc a ta ( Figure 3i ) an d Halecium halecium. In this respect th is cluster w as sim ilar to the n o rth e rn N o rth Sea cluster, alth o u g h the free-living fa u n a were typical so u th ern N o rth Sea species.
C lusters in th e n o rth ern N o rth Sea were located betw een the dep th co ntours 50-100 m an d 100-200 m, b u t th e ir sep aratio n w as less conspicuous th a n between clusters in th e so u th (Figure 4) . A large range o f species fo u n d betw een th e 50 m a n d 100 m d ep th (F igure 4, O ), w ere n o t reco rd ed in the shallow er so u th ern N o rth Sea. Species co n trib u tin g p red o m in an tly to the sep aratio n o f this cluster fro m the ones to the so u th w ere w helks such as N eptunea antiqua (Figure 3f 
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/ -X e 0.1-14 (solenette, F igure 3m), Lim anda limanda (dab, F igure 3n) a n d Callionymus lyra (dragonet). Arnoglossus laterna (scaldfish) w ere regularly recorded, b u t in low num bers.
In th e ce n tral a n d n o rth ern N o rth Sea one cluster ranged from 50-100 m and an o th e r from 100-200 m. Betw een 50 m and 100 m (F igure 5b, A ) few er o f the sm all, non-com m ercial species were fo u n d . N um bers o f L. lim anda w ere higher th a n in th e so u th an d H ippoglossoides platessoides (long rough dab, F igure 3o) were recorded regularly. In w aters deeper th a n 100 m (F ig u re 5b, O ), H. platessoides w as th e characterizing species fo r th e com m unity, to g eth er w ith M yxin e gluti nosa (hagfish, F ig u re 3p). Som e IC E S rectangles in the far n o rth (F igure 5b, O ), a ro u n d th e 200 m dep th line, were g ro u p ed as a th ird cluster based on the pau city o f dem ersal fish in this area.
F o r fish ca u g h t w ith the G O V traw l d uring the survey (source: IC E S d atabase) cluster analysis form ed three clusters in th e so u th , one in th e cen tral a n d one in the n o rth e rn N o rth Sea (Figure 5c In th e so u th ern N o rth Sea two o f th e three clusters w ere spatially dom inating, b u t th ey were in te r m ixed ra th e r th a n geographically discrete (Figure 5d T able 1. E p ib e n th ic species w hich a cc o u n t for m o st o f the sim ilarity w ithin th e clusters identified by cluster analysis. T he sym bols fo r clusters follow F ig u re 4. " M ean sim ilarity" is the m ean sim ilarity w ithin th e clu ster a n d " c o n trib u tio n " is th e c o n trib u tio n o f individual species to the to ta l sim ilarity w ithin the g roup. Species c o n trib u tin g a lto g e th e r 60% o f the sim ilarity o r th e six species contributing m o st to th e sim ilarity are shown.
C um ulative C um ulative c o n trib u tio n contrib u tio n C lu ster A to sim ilarity C lu ste r ® to sim ilarity M ean sim ilarity: 44.84 (%) M e a n sim ilarity: 49.90 (%) 100 m a n d 200 m Trisopterus esm arkii (N orw ay p o u t) was the d o m in a n t species in th e com m unity.
E n v iro n m e n ta l fa c to rs a n d fishing effort E nvironm ental factors w ere significantly correlated, both positively a n d negatively, w ith univariate diversity indices o f th e epibenthic fau n a or fish (T able 4). N um bers o f epibenthic species were negatively co rre lated w ith b o tto m te m p e ra tu re an d beam traw ling effort (Table 4 , F igure 6), w hile they were positively correlated with b o tto m salinity.
Few er correlations w ith environm ental factors were fo u n d when analysing the so u th ern N o rth Sea (< 50 m d ep th ) an d cen tral-n o rth ern N o rth Sea (>50 m depth) separately, possibly due to low er num bers o f samples reducing the pow er to detect statistical differences. In th e sou th ern N o rth Sea num bers o f sessile benthic species were negatively co rrelated w ith beam traw ling effort, b u t there were no o th er significant correlations fo r the benthos. In the n o rth e rn N o rth Sea num bers o f epibenthic species w ere correlated w ith several sedim ent param eters a n d b eam traw ling effort (T able 1). T able 2. F ish species caught w ith th e 2-m b e am traw l, w hich accounted fo r m o st o f th e sim ilarity w ithin th e clusters identified by clu ster analysis. T h e sym bols for clusters follow F ig u re 5. " M ean sim ilarity" is the m ean sim ilarity w ithin th e cluster a n d " c o n trib u tio n " is th e c o n trib u tio n o f individual species to th e to tal sim ilarity w ithin th e group. Species contributing alto g eth er 70% o f th e sim ilarity are show n.
C luster □ M e a n sim ilarity: 46.36 C um ulative c o n trib u tio n to sim ilarity (% T ab le 3. F ish species, caught by o tte r traw ling (m ain groundfish survey), w hich acco u n te d for m ost o f th e sim ilarity w ithin th e clusters identified by c luster analysis. T he sym bols fo r clusters follow Figure  5 . " M e a n sim ilarity" is th e m ean sim ilarity w ithin th e cluster and " c o n trib u tio n " is th e c o n trib u tio n o f individual species to th e to ta l sim ilarity w ithin th e g roup. Species c o n trib u tin g to a lto g e th e r 70% o f the sim ilarity are shown.
C um ulative C um ulative c o n trib u tio n contrib u tio n C lu ster A to sim ilarity C luster S to sim ilarity M ean sim ilarity: 47.72 (%) M e a n sim ilarity: 59.55 (%) decided to include all factors in the analysis because the in ter-co rrelatio n s between environm ental facto rs were n o t co n sisten t fo r all the sp atial areas analysed. E p ib e n th o s T he low er epibenthic diversity a n d species richness in the south ern th a n n o rth e rn N o rth Sea w as consistent with th e results o f previous studies (F rau e n h eim e t al ., 1989; Jennings et al., 1999; Z iihlke et al., 2001) . However, previous au th o rs did n o t se p arate th e ep ibenth o s o f the so u th into different com m unities, m ainly d u e to the constraints im posed by low levels o f sam ple replication a n d the statistical tools availab le a t th a t tim e. We differentiated fo u r com m unities in the so u th e rn N o rth Sea. T heir se p aratio n w as based o n the rich sessile fauna o ff the N o rfo lk and F la m b o ro u g h coasts, high n um bers o f shrim p and praw n species in th e fa r south a n d the overall scarcity o f species alo n g th e co n tinental coast. Several species w ere u b iq u ito u s in all fo u r com m uni ties, such as th e brittle star Ophiura ophiura, th e starfish Asterias rubens, th e herm it c ra b Pagurus bernhardus and th e swimm ing crab Liocarcinus holsatus. T h eir ubiquity w as consistent w ith p atterns described in prev io u s years (e.g. T h e 50 m d ep th co n to u r was th e so u th ern distribution b o rd er fo r m an y sessile an d free-living species. H ow ever, th e ab u n d a n ce o f free-living fa u n a in the 50-100 m co m m u n ity w as d om inated by species which w ere also fo u n d in th e so u th , nam ely P. bernhardus, A. rubens an d A. irregularis. T his w as in accordance w ith the results of D y er et a l (1983), w ho stated th a t m a n y species which were co m m o n a t th e sou th ern sta tio n s were cau g h t in th e n o rth . M o st conspicuous in th e com m unity fo u n d at depths o f 50-100 m was th e diverse sessile fau n a, w ith n u m ero u s hydrozoans, bryozoans a n d tube-dw elling polychaetes. B asford et al. (1989) Bolocera tuediae) in this area betw een 1980 a n d 1985. N o rth o f th e 100 m co ntour, E chinus spp. w ere highly a b u n d a n t a t several stations, as also reported by D yer et al. (1983) .
O u r results w ere also consistent w ith those o f previous studies w hen viewed a t a sm aller spatial scale. T hus D uineveld et al. (1991) separated a n epibenthic co m m u n ity situated along th e co n tin en tal coast from an off shore com m unity an d other a u th o rs fo u n d a species rich sessile epifauna off th e N o rfo lk co ast (H am ond, 1969; R ees et al., 1999) (1989) allocate th e ir n o rth ern sam ples to r a th e r different clusters. A n ex a m in atio n o f individual species d istributions suggests th a t these differences betw een clusters do n o t reflect changes in the spatial d istrib u tio n o f epibenthic com m unities over tim e. R a th e r, they are likely to be th e result o f different sam pling m ethods a n d d ata analysis. S tand ard izatio n o f epibenthic sam pling techniques w as attem pted only recently (Jennings e t al., 1999; C allaw ay et a l, 2002) . E n v iro n m e n ta l fa c to rs S edim ent p aram eters, b o tto m te m p eratu re a n d fishing effort w ere all closely correlated w ith species richness, diversity a n d com m unity patterns. S edim ent prop erties are widely regarded as factors influencing th e benthic fauna (B asford et al., 1990 ; K ühne a n d R a ch o r, 1996; Rees et a l , 1999) , alth o u g h the rela tio n sh ip is clearer for in fau n a th a n fo r epifauna (B asford e t a l , 1990; D uineveld et al., 1991) . T h e small g rab used to sam ple sedim ent m ay provide a n im p res sion o f h a b ita t type th a t com prom ises ou r attem p ts to relate sed im en t properties to the com position o f faunal sam ples tak en w ith 2-m beam traw ls. T here are two reaso n s for this. F irst, the grab does n o t effectively sam ple h a rd su b stra tu m such as gravel, rocks o r dead shell, w hich is essential as attachm ent m a terial for sessile species. Second, th e scales at w hich th e beam traw l sam ples are collected, an d the scales a t w hich epibenthic species are likely to " perceive" h ab itat, are orders o f m a g n itu d e larger th a n the scale a t w hich g rab samples a re tak en . T o b etter relate h ab itat stru ctu re to epi b en th ic a n d fish sam ples taken w ith a 2-m beam trawl req u ires h a b ita t descriptions th a t in teg rate small-scale heterogeneity. A coustic m ethods m ay pro v id e a m eans by w hich to achieve th is goal. B ottom tem p eratu re has a pow erful influence on th e d istrib u tio n , ab u n d a n ce and p ro d u ctio n o f benthic fau n a (e.g. D uineveld et a l, 1991; Brey, 1999) . A nnual variation in b o tto m w ater tem pera ture is m o st likely to be responsible for th e distinctive bo u n d ary betw een com m unities found south a n d n o rth o f 50 m depth . This depth closely m atches th e b o u n d ary between th e therm ally stratified w aters o f th e northern N o rth Sea a n d the perm anently vertically m ixed w aters o f th e so u th e rn N o rth Sea (B row n et a l , 1999) . Tidal currents m a in ta in a turb u len t regim e in th e southern N o rth Sea, while in the n o rth e rn N o rth Sea th e m ixing is w eaker a n d th e w ater colum n stratifies in response to seasonal heatin g (Sim pson, 1994) . T his causes higher seasonal fluctuations in b o tto m w ate r te m p eratu re in the so u th th a n in th e north.
C urren ts m ay also determ ine boun d aries between benthic inverteb rate and fish com m unities. L ong-term circulation o f the N o rth Sea is anticlockw ise (Sim pson, 1994) . H ow ever, this is n o t a basin-w ide circulation. In the n o rth ern N o rth Sea, th e anticlockw ise flow tak es the fo rm o f a well-defined cu rren t, th e D ooley C urrent, w hich follow s th e 100 m c o n to u r (T urrell et a l , 1992) . A nother inflow from the A tla n tic enters th e N o rth Sea from n o rth o f Shetland a n d follow s the 200 m co n to u r alo n g th e w estern edge o f th e N orw egian D eeps (D ooley, 1974) . T hese cu rren ts m ay influence pro d u ctio n , larval and post-larv al d istrib u tio n a n d may acco u n t for som e o f the com m unity p attern s w e observe.
B eam traw lin g is a source o f w idespread an d chronic disturbance in th e N o rth Sea. E xperim ental studies and com parisons betw een areas subject to different fre quencies o f traw ling disturbance h av e show n th a t beam traw ling leads to significant m o rta lity o f ben th ic fauna (Bergm an a n d van Santbrick, 2000) , reductions in the abu n d an ce o f species w ith large b o d y size (R u m o h r and K ujaw ski, 2000) an d reductions in p ro d u ctio n . T hese im pacts are reflected in changes in com m unity stru ctu re (e.g. B ergm an a n d H up, 1992; F rid an d H aii, 1999; F rid et a l, 2000; L indeboom and D eG ro o t, 1998) . Sessile species are p articu larly vulner able to th e im pacts o f traw ling (e.g. C ollie et a l , 1997; K aiser et a l , 1998 Freese et a l , 1999) . O u r results suggest th a t beam traw ling effort w as consistently cor related w ith ben th ic com m unity stru ctu re , species rich ness and diversity. H ow ever, w hile F rid et al. (2000) and R u m o h r an d K ujaw ski (2000) have show n th a t long term increases in th e frequency o f traw ling disturbance have accounted fo r tem poral changes in the stru ctu re of N o rth Sea ben th ic com m unities, th e results o f our sp atial com parisons am ong ben th ic com m unities in areas subject to different levels o f traw ling distu rb an ce a re m ore difficult to interpret. T his is because large-scale p attern s o f b eam traw ling effort in th e N o rth Sea reflect th e availability o f substrata th a t a re suitable fo r beam traw ling (e.g. R ijn sd o rp et al., 1998) . Such su b stra ta are likely to be relatively m obile sedim ents th a t do n ot necessarily p ro v id e g o o d environm ents fo r the develop m en t o f a species rich and a b u n d a n t sessile fauna. M oreover, th e n a tu ra l disturbance th a t results from w ave an d tid a l actio n on m obile sedim ents will fav o u r com m unities d o m in a te d by free-living ra th e r th a n sessile species. D isentangling the relative roles o f fishing, h ab i ta t type a n d n a tu ra l disturbance in influencing the large-scale stru c tu re o f benthic com m unities will require sp atial an d te m p o ral com parisons am o n g com m unities in sim ilar physical environm ents th a t are subject to different levels o f traw ling disturbance. T o date, such co m p ariso n s h av e involved trade-offs between spatial scale, te m p o ral scale an d replication w ithin h ab itat types. N o w th a t we have show n th a t large-scale benthic surveys ca n be ru n in conjunction w ith th e exist ing annual fisheries surveys, the an n u a l collection of a d d itio n a l b en th ic sam ples within h a b ita t types w ould allow us to exam ine the effects o f traw ling on u n p reced en ted sp atial a n d tem poral scales. 
